












Jamova cesta 2 









Ta članek je avtorjeva zadnja recenzirana 
različica, kot je bila sprejeta po opravljeni 
recenziji. 
 
Prosimo, da se pri navajanju sklicujte na 









                         University  
                           of Ljubljana  
                                               Faculty of  
                                               Civil and Geodetic 
                                               Engineering 
 
 
Jamova cesta 2 









This version of the article is author's 
manuscript as accepted for publishing after 
the review process. 
  
When citing, please refer to the publisher's 




Žnidarič, A., Turk, G., Zupan, E. 2015. Determination of strain correction factors for bridge 











































































































caused	by	different	sources	of	 imperfections,	 can	be	detected	and	calibrated	 in	order	 to	
achieve	higher	quality	input	for	the	B‐WIM	measurements	and	it	should	be	possible	for	it	





















































































Let	 ଵܵ, ܵଶ, . . . , ܵே	denote	the	responses	of	ܰ	collinear	strain	sensors	positioned	at	distances	
ݔଵ, ݔଶ, . . . , ݔே	from	the	edge	of	the	bridge.	We	need	to	determine	coefficients	
݇ଵ, ݇ଶ, . . . , ݇ே ൒ 0	in	such	a	manner	that	the	corrected	strain	response	






































































generally	be	described	as	a	procedure	where	in	the	case	of	each	event	ݐ௜	(݅ ൌ 1, 2, . . . , ܯଵ ൅
ܯଶ,	and	ܯଵ,	ܯଶ	are	the	numbers	of	events	in	the	driving	and	overtaking	lanes,	
respectively)	we	seek	for	such	parameters	ߚଵሺݐ௜ሻ, ߚଶሺݐ௜ሻ, ߚଷሺݐ௜ሻ	, ߚସሺݐ௜ሻ	which	would	result	













Sensor	݆		 	1		 	2		 	3		 	4		 	5		 	6		 	7		 	8		 	9		 	10		 	11		 	12		
௝݇
ଵ		 	1.31	 	1.07		 	1.51		 	0.70	 	1.257		0.81	 	1.94	 	0.60	 	1.47	 	1.30		 	1.50		 	0.86		
௝݇




























ߚ෨ସଵ		 	ߚ෨ସଶ		 	หߚ෨ସଵ െ ߚ෨ସଶห/ߚ෨ସଵ	
0.30870		 	1.51780		 	0.34258		
Note	that	the	individual	 ௝݇஑ ⋅ ௝ܵሺݐ௜஑ሻ,	݆ ൌ 1, . . , ܰ,	at	fixed	events	ݐ௜ఈ,	for	ߙ ൌ 1, 2	
corresponding	to	both	lanes	are	exactly	the	function	values	݂	at	ݔ௝	for	parameters	





parameters	ߚ෨ଵଵ െ ߚ෨ସଵ	and	ߚ෨ଵଶ െ ߚ෨ସଶ,	respectively.	This	is	due	to	the	small	variation	of	the	
coefficients	 ௝݇ଵ	and	 ௝݇ଶ.	Consequently,	the	same	shape	function	will	be	used	to	approximate	
the	average	curves	in	Figure	4.	The	nonlinear	regression‐based	fitted	parameters	from	












measurements	 ଵܵ, . . . , ௟ܵିଵ, ௟ܵାଵ, . . . , ܵே	are	accounted	for	by	the	calculation	of	ܰ െ 1	
coefficients	 ௝݇,௝ஷ௟	of	the	strain	sensors	positioned	at	lateral	positions	









































Sensor	݆	 1	 2	 3	 4	 5	 6	 7	 9	 10	 11	 12	
௝݇
ଵ	 0.088	 0.927	 1.753	 0.807	 1.321	 0.750	 1.539	 0.853	 0.698	 0.988	 1.503	
௝݇
ଶ	 5.487	 2.794	 1.299	 0.406	 0.748	 0.668	 1.550	 0.962	 0.921	 1.340	 0.858	
௝݇	 0.088	 0.927	 1.526	 0.607	 1.035	 0.709	 1.545	 0.908	 0.809	 1.164	 1.181	
Now	we	need	to	determine	the	correction	factor	for	the	eliminated	sensor,	by	returning	to	
the	individual	computations	of	the	basic	algorithm	without	the	data	relating	to	the	eighth	
sensor.	For	the	parameters	ߚଵ െ ߚସ	of	each	computation	݅	(݅ ൌ 1,2, . . . , ܯଵ ൅ ܯଶ),	the	
function	value	 ௜݂	is	calculated	using	Equation	(2)	at	position	ݔ଼,	and	the	quotient	
଼݇ሺݐ௜ሻ ൌ ௙೔ሺ௫ఴሻௌఴሺ௧೔ሻ .	 (6)	




eighth	sensor	is	determined.	The	coefficients	 ௝݇,	for	݆ ൌ 1, . . . , ܰ	serve	as	scaling	factors	for	
each	measured	record	of	the	corresponding	strain	gauge.	The	corrected	responses	










Sensor	݆		 	1		 	2		 	3		 	4		 	5		 	6		 	7		 	8		 	9		 	10		 	11		 	12		
௝݇


















































		 	 Uncorrected	 After	correction	
Criteria	 n	 Mean	 Standard	deviation	 Mean	 Standard	deviation	
Gross	Weights	 44	 ‐0.0168	 0.0535	 0.0038 0.0423	
Axle	Groups	 54	 ‐0.0112	 0.0705	 0.0110 0.0619	
Individual	Axles	 64	 ‐0.0259	 0.0641	 0.0063 0.0584	
In	Figure	7	a	comparison	of	the	absolute	relative	errors	of	the	numerically	estimated	GVW	
for	all	44	vehicles	is	presented.	The	absolute	errors	are	sorted	by	magnitude.	The	benefit	
of	the	proposed	algorithm	is	clear	since	the	average	and	the	most	strongly	deviating	
weighing	results	are	substantially	improved.	The	maximum	absolute	GVW	error	decreases	
from	17.7%	to	8.4%,	and	the	95th	percentile	of	the	GVW	errors	decreases	from	11.1%	to	
7.4%.	According	to	the	European	specifications	for	weigh‐in‐motion	[5]	a	significant	
enhancement	of	one	accuracy	class	was	achieved	for	all	three	criteria	(GVW,	individual	
axles,	and	axle	groups).	The	gross	weights	and	the	axles	groups	advanced	from	class	C(15)	
to	B(10).	and	the	individual	axles	from	class	B(10)	to	B+(7).	
	
Figure	7:	Absolute	relative	GVW	errors	sorted	by	magnitude.	
5 Conclusions	
The	paper	presents	a	novel	procedure	for	the	automatic	correction	of	bridge	strain	
response	measurements	that	are	used	for	weighing	heavy	vehicles	in	motion.	The	
procedure	applies	smooth	shape	functions	which	approximate	well	the	lateral	strain	
response	of	the	bridge	superstructure.	One	of	the	key	elements	of	the	proposed	procedure	
is	its	ability	to	detect	sensors	with	a	disproportional	response.	Based	on	the	assumed	and	
fitted	shape	functions	the	correction	factors	for	the	measured	response	were	determined.	
These	correction	factors	notably	reduced	the	errors	of	the	axle	and	gross	weights	of	the	
heavy	vehicles	calculated	by	the	bridge	weigh‐in‐motion	system.	According	to	the	
European	specifications	for	WIM,	a	significant	enhancement	of	one	accuracy	class	was	
achieved	when	the	procedure	was	applied.	The	procedure	is	fairly	general	and	can	be	
directly	applied	to	similar	concrete	reinforced	slab	bridges	with	at	least	two	driving	lanes.	
For	a	more	precise	shape	of	the	response	a	denser	mesh	of	sensors	is	needed.	
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